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THE inspector- INSTRUMENT INIIRFACE IN PORTABLE NDA INSTPUilENTATION

James K. Halbig and Shirley F. Klosterbuer
Los Alamos National Laboratory

University of California
Lo$ ATamos, New Mexico 87545, USA

Abstrart

Recent electronics technology advances make
it possible to design s~phisticata+d instruments
in small packaqes for convenient field implemen-
tation. This report describes an inspecto’”-
instl’urm?nt interface design which allows corrswr,-
ication of procedures, responses, and results
between tl,e instrument and user. ThP interface
has been incorporated into new spent-fuel in-
strumentation and a battery-powered multichannel
analyzer,

1. Introductfgr

A user, such as an IAE:, inspector, uses
sPvrval different types of instruments for his
measurements, Obtaining good data and colcu-
latinq results from a specific measurenwnt are
ccxnplicat~d by infrequent use of a particular
instrument, Thij unfamiliarity increases the
probability of making mistakes in operating the
instrument or in calculating refults, When the
possibility for these errors is minimized, the
user’s mafn empha~is cm he on Deforming the
me+,urement and determ{ninq the meaning of the
re$ults tnst~~d ,If nn doclrflnq h~ tn oprrate
the equipment and calrulate th~ results and un-
certdlntlvs,

Sometime$ the u$~r perform{ a measurement in
sevpra~ p~ace$ within a plant ‘w In locatlon~
where th~ cl?ctrical main noise prevents the
in$trumnt from functfr,ning proporly, In these

R.2&w’ battwy op?rated instrument
masurmwnt acruracv anrl easv.

It if important that th~ lnstrumemt be designed
50 the $I?e, w~iqht, and ~ase nf use ~rr accept-
abl? tn thp user,

A sprtlnn of tho saf~quisrd< Asfav Group at
tt?o Lo’, Alamns Natiunal Laboratory ha$ drvelopwt
two mirroproc~s<or-haf~fi instruments to nwwt
f.ht%e nerds. W? nrp standarrlirtn~ an insDr(-
to--fnstrument intrrfacc so that different in-
(trwnpnt,, ar~ np~rated in thp sanw raann~r,

? Goal-!.----—

lh~ qoal of th~ int~rfac? development activ-
iti~$ ot IO\ A\drNI$ Is to provide an !ntmlitqent
in$trummt “assistant” to the us?r, Thfs as$i$-
tant Drompt\ th@ utw through hcth opwat~nq nnri
exptrirnmtal procedures, It carr ies out pro-
~ramswd steps of a avatur?wnt, promptf for •~-
twnal informatio~ rquiredt ond th?n calrulfite~
r@sults and provid?< an wror r$time!e of the
results, This type of instrumrmt perform in-
t.~rnnl rliagno!tic( and reports malfunction{ to
the u$?r,

lihil~ th? phy$ical int?rftice is not unique,
It ($ fmport~nt from th@ u~er ttondpnint to hw~

the same well-d(:fined philosophy of interaction
for all instruments. Gnce the user learns this
philosophy, he has a basic u!,derstanding of the
operation of all the instruments that use :he
standard interface even if he has not used the
instruments frequently or recently.

Ther& are several important aspects to the
interface philosophy. One aspect is that each
valid user Sction has a uniquely defined result;
i.e., the result of a legal key push is always
the same and does not depend on the sequence of
preceding key pushes, Along with the uniquely
defined action, w~ bel]eve lt is Important that
each action be follmed by a definite response.
In sonw designs, a key push response is limited
to tactile feel or an audible beep when the
switch is made. Tactile feel is often mlsleao-
ing, however, and in high nois? environments,
the beep may not be heard. Therefore, our
interface provides a visible response on the
llauid crystal dlSpldy (LCD) ~henever a key IS
pbshed.

It 1s imprrrtan’ that the state of control }s
always known, At any time, the user should he
at,le to deter’mine the current function that 1‘>
being e~ecuted by the instrument in a ,~onde-
<tructlve manner , without Ioslnq information
already accluired or abortinq an action In
progr~ss,

Prompts to the user shnuld alway$ pr~sent
the possible responses, For example, If thp
instrument if askin~ for a qain s~t pnint, tho
d~$play $hould ~how the ranqv:

GAIN. 110
GAINI (1-10?4)

Propor lntvrfdro de$lqn d?flne’, which ac-
tion~ are valid at all $tag~s of control, The
in~trurnpnf rnu<t ~w~vent actlon~ that arp not
vallcl at any particular time, and furthvmore,
it mu~t recovtv from an tIIvfIllrt~ctlon requett
with minimal inconienlenc? to the inspector,
For example, dumplnq multichanrt?l spectrum oata
tn tape whilp th? unit is acquiring data 1S an
invalid procrdure, If a save-to-tape action i!
requ?~ted whtle \p@ctral data qcauisition is
occurring, th~ instrument responds with INVALID
ACTION Rlo\lFSTE[l and continue< to acquire data,
iqnorinq the rquest to dump tce data to tape,
To $tore the sp?ctral data to tape, the user
holt$ the data acquisition and then requests the
data dump, Thi% enables the instrument to write
a cons istmt s?t of data to th? tape along with
th@ a(tljal clap$ecf t(me,

Th? instrurmnt should be able to record raw
data which it has acquired, along with th? cr’it-
ical paranwters such as high voltage, discrimin-
ator settings, count t+mp, etc. The instrumnt
should do this automatically to $av@ user time
and r?duc? the chanc@$ of Ioqqing an incorrect



value. The instrument nust have the hardware
capability to set or r~ad the set point of the
parameter to be Iogge(j.

A measurement ?og should uniquely define a
measurement. The time and date are necessary
and may be wpPlemnted wit~ other information
such as inspector, facility, and S~Dle IDS.

4. Evolution

ION-1
‘The first instrument designed during the
development of the standard interface was an
;::rIII~ ~::ron-detec’i.or electronics packa~:

in spent-fuel measurements.
measures tile relative ganxna dose when LKed with
a qas-fil led ion chamber. Its current sensi-
tivity is from 0.1 PA to 637 nA. The actual
gamna dose is a function of the detector. Neu-
trons are counted when pulses exceed a lower-
lev~l discriminator (LLD) set by the instru-
ment, The instrument automatically sets the
optim(~m qain for- the qanma channel and can set
the LLD automatically f~ a ?35U fission cham-
ber, All calcul. Lions are done internally using
a 24 bit 10i3~ mathematics package which per-
forms addition, subtraction, multiplication,
rllv+sion, and calculates the square root,

A phnlo of tht, electronics package is shown
in Fiq, 1, On the front panel are the power
switch, ASC1! rharacter display, and keypads.
On the rear panel (not shown) are the ion cham-
ber input, ,onnector-to-supply high voltage to
th~ fls~inn chamhor, connector for the fis:ion
chamber preampllfirr power, fission chamber
inptlt, battprv charqer input, and RS?3? serial

interface connector. All rear panel connectors
are different to prevent disconnection. An
overview of the instrument 09eration is pre-
sented here; Ref. 1 contains more detail.

The physical interface is the front panel,
which consists of an LCD with two rows of 16
ASCiI characters to convey instructions, re-
sults, ~nd options to the user; a 4 by 4 infor-
mation entry and command keypad, and a 1 by 4
contrr,l keypad, The keypad labels are shown in
Fig. 2. Some entry keys have both lower-case
entries and upper-case corrfn~nds, like a hand-
held calculator. The most frequently used keys,
such as the digits O-9 and scroll lines t and + ,
were chosen as lower-case keys. The upper-case
keys contain the functions the instrument ~an
perform. The lower-case entries are used hy
simply pushing the keys, The upper-case com-
mands are accented in yellow to emphasiz+ that
the yellmv control key, SHFT, must be pushed tG
access a yellow upper-case conrnand,

In addition to SHFT, there are three other
keys on the control pad, The ENTR key registers
an entered number, That is, the instrument (lif-

plays the nunber as it is typed; it does not use
the number until ENTR is ousherl.

The END key signals the instrument that tho
present function conrnand is no longer needed.
The instrument erds the function, displays J
standard message requesting anothw action, the
waits for the next function. The END key can
also be pushed to abort a function at any time,
For example, if during a 154in acquire, tllo
user needs to make a detector placemnt chanqr,
he pushes END, repositions the detector, and
ther pushes ACf).

Fig. \ ION-I electronics packag~
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Fig, 2 ION-I keypad Iabc’s

The final k~y M th~ control pad is ACQ,
which is really a function (Acquire). Because
this k~y is frequently used, it ic. aiven prefer-
red status by placinq it *t the top nf the con-
trol pad ar,d qivinq it a sppcial green hack-
Qrounrl color. The ccmsnand causes data to be
accumul~ted.

Durlnq any input sequence, only certain key
pushes aro valld, If an invallrt hey 1$ p,/\he(t,
the LCD contains:

INVAIIP EhTRY
PUSH vAIID K[Y

Th@re arp four ltn?~ to the rwsults dl,Dl~y
pnrlr, (hlv twrl linp,, ar? v1$II)lP tin thp LC[l
throuqh th~ df$p;~y windmv a’ any one time, Thr
window ran b? nmv~d up and down alma th~ paq~
u~ing th~ + or ~ k@y$, The arrw indicfitor in
the lower riqht-hand corner of the wfndmw tell$
th~ user which keys ar~ valid to pusn to find
more tnformhtloh,

In a smte, th~ Instrument is a “one-key”
\nstrum@nt, lh~ user ncpd only remfurber to push
n flnql~ k?y to Ocqllfre data; ‘~~~6~ ~hls, the
user respond} to the in$trumtwl , Th~ other keys
add murh vwsatility to the Ilnit with mfnimal
confusion,

To dennn$tratp the user- ln%trumnt \ntPr-
artton in wntwlnq tnformatton, 8 sampl~ pro-

TABLE I
ION-1 Command Table

With all commands except AC(), the SHFT key
must be pl’;herifirst.

AC :
~

Inttiate data accumulation.
M: Set date and time.

Default values are 0000 hours, day 1
of month 1 of year O.

C-TM: Set neutron accumulation time.
Oefault value is 200 s,

THRS: Set the low?r-level discriminator of
tne nejtron ct,annel.
Default vdlue is 50,

Moci : Select data accumulation rmde, neu-
trons only, ~ only, or both,
Default value is both.

BGND ~ Take background in selected mode,
~: SdeJ~nfnanual or automatic gain ad-

Oefault value is automat!c adjustme,)t.
PARM: Informational display $how]ng cur-

rently selected parameter,
PSLJP informational display showinq pnwel——

Supply status.

cedure to set the timp and date 1s de~crlhrd.
Pushing SkiFT and then D-TM produces this display:

The fields are ldbclec! for clarltv. Thrv mf,,

Field 1 - tinw in 24 hml, form,]t,
field ? - year,
Firld ) .-mo~tl,,
Field 4 .-day,

[f rNTR ts pushed @rjtiin,the rti$play rem,lins tho
;ame enccpt that thp cursor Is moved to Ileld
!’. Chanqes can be made In any field t~,ymoving
the cursnr to that field and entering the new
numhpr , When the display is corr?ct, the [ND
key 1$ pushed to ml the functton,

When decisions are to be made, th~ lnstru-
mwlt presents th? poss;ble cho~ces, An examfjle
Is the mode function which aliows th~ usrr to
select whtch type($) of data ar? to bP
coll@cted, The sequrnc~ tHFT, M(I[M hr~ng< the
followinq me~!(qe:



GAMMAS=O BOTH-2
NEUTRONS=l OPT+

The bltnking cursor indicates the unit is awa
ing a response. A 2 is defaulted as an inp
O or 1 may be mtered. Uheft the desired cho
is displayed, Dush ENTR.

McA

t-
t.
Ce

..
— The second instrument in which this inter-
face was implemented is a portable, 1000-chcnnel
multichannel analyzer (MCA).2 7he MCA is an
extension of an MCA unit demonstrated by another
grouP at Los Almos.3 The analyzer has built-
in amplifiers for NaI and high resolution detec-
tors. Other features include a cathode ray tube
(CRT) display with cursor, region-of-interest
iassignment with area or integral readotit, a
livetime clock timer, adjustable upper- and
lower-level discriminators, magnetic tape
storage, and serial output data dump. The oper-
ating system for the MCA was built on the system
designed for ION-1. Because of front panel con-
straints on the initial design, only a 4 by 4
keypad was implemented as seen in F\g. 3. The
LCD dtsplay is ag~in two !)nes of 16 char-
acters. A CRT was necessary to display the
spectra. While we strive for standardization,
changing the CRT vertical scale via the keypad
was deemed too inconvenient as opposed to using
a rotary knob, Therefore, the contnunication

from the operator to the instrument uses the
keypad and the vertical scale knob. There is no
hardware connection between the vertical scan
knob and the CRT display; the control is accom-
plished through software.

The implemented coawnands are given in Table
11, Any integer number can be entered by digit
entry as in ION-1 or, additionally, by using the
lNC or DEC key to increment or decrement the
number in the field which contains the LCD cur-
sor. Pushing iskey for more than one-half of a
second causes the number to continuously incre-
ment or decrement at an accelerating speed.
Because of the limited number of control keys,

TABLE 11
MCA Command Table

With al: contnands except data acquisition
(STRT), the SHFT key must be pushed first.

STRT: Acquire dats.
~: Examine or change instrument para-

mters.
CALC: Compute count sums or areas of as-

signed regions.
ROI: Assign or ~hange reglens of interest.
~H: Perform 23 u enrichment measurement,
llUFTP: b&ite current spectrum to serial port,
~: Read/write spectra to tape, position

tape or erase tape.

Ftg, 3 Portablt MCA



TABLE 111

CT TIME= 100 S
E TIME= s

RATE= Cls
DEAD TIME= Z

DETECTOR=l
NAI=l GER=O

INPUT POLAR ITY=O
POS=l NEG=O

GAIN.8
GAINS 2,4,8,16

SET HV= O
HV (O-4095)

LLDM1O (G-255)
ULO=?55 (0-255)

MGRP-1 OF 1

BATT=15.00
+ 5= 5.03

+12- 12’.00
-12.-1?,02

more extensive use of display pages was made.
For example, the status function is used to read
or set all parameters in the MCA, This ‘is il-
lustrated by Table 111. Recall that In ION-1,
detector type, threshold, and count time were all
set by different functions,

While the same basic matnemattcs packag~ is
used in both instruments, floating potnt entry
of variables was required by the MCA, Since
there is no logical increment with a floating
point nunber, the INC and OEC keys become il-
legal keys during floating point entry.

The CRT is a $elf-refreshing display with
256 vertical x 10?4 horizontal resolution. It
has a s{ngle cursor controlled by a scftwat’e
register which is chimged Ilsing the inteq<r ●n-
try routine only Men the cursor channel number
i! dlsplhyed on the screen in conjunction with
the bltnk{ng curser. Tt’e vertical scale k,lob Is
read constantly except during tape functions,

The tap~ funct{on can seek the begirmin9 of
a thpe, erase a tape, write 8 data file to tape,
read a file from tape, and vtew the pararmters
stored along with the data last read frmn the
tape. Further details are fount! in Ref. 7;
measurement logging usfng the tape will be en-
hanced to fill the needs of the IAEA.

The irst automated measurement implemented
[1s a 23 U enrichment raeasurement,4 The user

must reme~er only to push the EWH key to start.
the Instrument stepping through tne measurement
procedure. The user is given the option of en-
tering or measuring the necessa~y calibration
constants (A and B) and is prompted through the
entry or calfbrot{on procedures, and then
throllqh the measurement procedures. All calcu-
lat~ons are performwd by the instrument end the
results along w~th uncertatntfes are reported
with 7-digit preciston.

The followlng example demonstrates sn en-
richment tneasure~nt where the calibration con-

stants are entered. Push SHFT, ENRH to begin
the measurement. The message

MEAS=O, ENTR AB=l
DETERM AB=2, 00=Q

on the LCD presents the measurement opt’ens:
ENTR AB—to enter values for constants A and B,
DETERM AB—to determine these constants by meas-

uring standards, or
MEAS—to ret?in constants which were established

in a previous measurement and proceed to
measure an unknown.

The measure option is defaulted and the
blinking cursor indicates that a user response
is necessary. To choose the enter constants
option, type 1, then ENTR. The prompt for de-
fining regionof interest appears next:

SET UINOOWS=O
PRESET=l 00.1

One can select option O to manually set. the win-
dows . The resident ROI conwnand is invoked to
accomplish this. If option 1 is Se”lected, the
windows and qain are preset to predefine values
without furtner user interaction. To register
this choice, press ENTR, After the windows and
gain are set, the LCD contains:

~ 4.499E-02
B=-3,956E-O? +

where A and B are the previously establlshe~
values (they are set to O at power UP). Use the
digit key~ and ENTR to enter the desired val-
ues, When the correct values are entered, pJSh

SHFT, ~ to continue to the next display whl:n

shows the count tfme:

CT TIME -100s+

Make anv needed chanaes and continue co the npxt
Step by- pushing
the user to:

When the sample
5TRT; the memory

SHF~, + . The displ~y directs

PRFPARE UNKNOWN
PUSH STRT

is properly positioned, push
is erased and data acquisition

begins, During acq(~isition, an approximate en-
richment is calculated, and the display, which
contains the enrichment, time remaining, and
count rate, {s continuously updated. When count
time is complete, the following sumnnry page is
available to the user:

W1. 215 TO 313
W2m 323 TO 421 .
E TIME- 500S
GAIN= 8 $
z1- 96935

*311,4 :
12. 37%9

*194,9 :
k 3.499E42
!I--4.956E-O2 ~-,

;C: 3.02*, O1O1 ‘
INEXl RDY?, STR7+.:1... ...1



The LCD window is placed as shown by the
dashes. To view the other information one must
use the i or+ keys. To make another measure-
ment, push 5T!?T. As with any of the functions,
push STOP to end the function. It should be
emphas ized, the user need only remmher to in-
voke the ENRH command to gain the assistance of
the !nstrument in making the enrichrm?nt measure-
m,?nt, After all parameters are set, the enrich-
ment measurmmnt of an unknown is made by simply
pushing STRT.

5. Anticipated Future Additio,ls

During the development of the MCA, we found
that some additional keys may be necessary, A
possible design for our nek! iteration is shown
in Fig. 4.

Another control key labeled NEXT should be
added. This key would allow the user to manual-
l,ymove from the currently displayed page to the
next page in a function. (At present, the user
advances by responding to a question. ) The NEXT
key would allow the user to signal that Jll ac-
tions on the currently displayed page are com-
plete.

To a!lw for alphanumeric input, the INC and
DFC keys will be used. When an alphanumeric
field is active, pushing the INC key will cause
the entry character to scroll from O-9, then
A-Z. When the proper character is uisplayed,
press FNTR to register the character and move
the cursor to the next position.

Consideration must also be given to a more
general floating point number entry scheme, A
change-sign key may be necessary, and a decimiil
point and entpr exponmt may be desirable.

S;T C\LC R~l
STRT

EN:H DljMPT\PE

I 2 3 i,

o DE(I INC t

Fig. 4 Possible MCA keypad
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